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FIG. 12C
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1400

1402
(
Remove a section of a first insulating material positioned
between a first metal contact element and
a second metal contact element to form a channel
1404

Deposit a second insulating material in the channel between the
first metal contact element and the second metal contact element

FIG. 14
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1500

1502

Open a portion of a photoresist layer to expose a first portion of a first
metal contact element, a second portion of a second metal contact
element, and a first insulating material between the first metal contact
element and the second metal contact element

l 1504

Etch away at least a portion of the first insulating material positioned
between the first metal contact element and the second metal contact
element to create a channel between the first metal contact element and
the second metal contact element

1
e 506
Deposit a second insulating material to form a layer of a second
insulating material on the first metal contact element, on the second
metal contact element, and in the first channel, where the layer of the
second insulating material does not completely fill the channel
1508

Deposit a metal in the first channel

FIG. 15
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1
SELECTIVE FABRICATION OF
HIGH-CAPACITANCE INSULATOR FOR A
METAL-OXIDE-METAL CAPACITOR

1. FIELD

The present disclosure is generally related to fabricating
capacitors on a semiconductor device.

II. DESCRIPTION OF RELATED ART

Increasing memory capacity in a system-on-chip semicon-
ductor device may be used, for example, to increase on-chip
cache capacity or to provide other on-chip memory facilities.
Increasing memory capacity, for example, may involve
increasing chip size to create space for additional memory
devices. However, increasing chip size may result in
increased costs.

Instead of increasing chip size to increase memory capac-
ity, memory capacity may be increased by increasing memory
device density. Increasing memory density using static ran-
dom access memory (SRAM) devices may be difficult
because many transistor devices are used in a single memory
cell, and it would involve significant miniaturization of many
devices to appreciably decrease the size of individual
memory cells. On the other hand, increasing memory density
in memory cells that use embedded dynamic random access
memory (eDRAM) devices by increasing memory density
may be difficult because decreasing the size of capacitors
used to store bits of memory data reduces the retention time of
the memory cells. To compensate for decreased retention
times would involve refreshing memory cells more fre-
quently, which may impede memory access, increase power
consumption, and increase heat output. Realigning the
memory cell capacitors by, for example, orienting plates of
the capacitors to be parallel with the body of the chip instead
of perpendicular to the chip, enables for higher capacitance
devices to be fabricated in a small space. However, realigning
the memory cell capacitors involves creating additional lay-
ers when fabricating a chip which, in turn, involves creating
additional masks and performing addition photolithographic
steps that increases the cost of manufacturing devices using
the realigned capacitors.

1II. SUMMARY

In a particular embodiment, a method of forming a capaci-
tor is disclosed. A section of a first insulating material
between a first metal contact element and a second metal
contact element is removed to form a channel. A second
insulating material is deposited in the channel between the
first metal contact element and the second metal contact ele-
ment.

In another particular embodiment, another method of
forming a capacitor is disclosed. The method includes open-
ing a portion of a photoresist layer to expose a first portion of
a first metal contact element, a second portion of a second
metal contact element, and a first insulating material between
the first metal contact element and the second metal contact
element. At least a portion of the first insulating material
positioned between the first metal contact element and the
second metal contact element is etched away to create a
channel between the first metal contact element and the sec-
ond metal contact element. A second insulating material is
deposited to form a layer of a second insulating material on
the first metal contact element, on the second metal contact
element, and in the first channel. The layer of the second
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2

insulating material does not completely fill the channel. A
metal is deposited in the first channel to form a metal plate.

In another particular embodiment, an apparatus is dis-
closed that includes a semiconductor device. The semicon-
ductor device has a dielectric layer defining a first trench. The
semiconductor device also has a first electrical contact ele-
ment positioned at a first end of the first trench and a second
electrical contact element positioned at a second end of the
first trench. The semiconductor device also has a dielectric
material positioned between the first electrical contact and the
second electrical contact. The dielectric material defines a
second trench. The semiconductor device further has a third
electrical contact element positioned within the second
trench.

One particular advantage provided by embodiments dis-
closed herein enables creation of a capacitor having a higher
capacitance in a location of a semiconductor device previ-
ously occupied by a capacitor having a lower capacitance. In
one embodiment, removing a section of a first insulating
material that has a relatively lower permittivity between a first
metal contact element and a second metal contact element,
and replacing the section with a second insulating material
having a higher permittivity, results in a capacitor having a
higher capacitance without increasing the size of a device
using the capacitor and without the capacitor occupying addi-
tional space on the device.

Another particular advantage provided by embodiments
disclosed herein is derived from forming a metal plate within
a layer of a second insulating material between the first metal
contact element and the second metal contact element. Form-
ing the metal plate within the layer of the second insulating
material forms a pair of capacitors. The pair of capacitors
includes a first capacitor between the first metal contact ele-
ment and the metal plate and a second capacitor between the
metal plate and the second metal contact element. By cou-
pling the first capacitor and the second capacitor in parallel, a
combined capacitor having a larger capacitance than the first
capacitor or the second capacitor is formed.

Another particular advantage provided by embodiments
disclosed herein is that higher capacitance capacitors may be
formed by applying a single mask. According to embodi-
ments described herein, a higher capacitance capacitor is
formed by removing a first insulating material, depositing a
second insulating material, and, in some embodiments,
depositing a metal layer to form a metal plate. These pro-
cesses are performed using only a single mask. Thus, higher
capacitance capacitors may be formed without the time and
cost involved in applying multiple masks.

Other aspects, advantages, and features of the present dis-
closure will become apparent after review of the entire appli-
cation, including the following sections: Brief Description of
the Drawings, Detailed Description, and the Claims.

IV. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top view diagram of a particular illustrative
embodiment of mask to be applied in creating increased den-
sity capacitors on a semiconductor device having metal con-
tact elements and a low permittivity insulating material on a
layer of a semiconductor device;

FIGS. 2A and 2B are a top view and a side cross-sectional
view, respectively, of the semiconductor device of FIG. 1 over
which a photoresist material has been selectively removed
using the mask of FIG. 1;

FIG. 3 is a side cross-sectional view of the semiconductor
device of FIGS. 2A and 2B from which a low permittivity
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(low K) material is removed from a portion of the semicon-
ductor device from which the photoresist material was
removed;

FIG. 4 is a side cross-sectional view of the semiconductor
device of FIG. 3 from which the photoresist material has been
removed;

FIG. 5 is a side cross-sectional view of the semiconductor
device of FIG. 4 upon which a high permittivity (high K) has
been deposited;

FIG. 6 is a side cross-sectional view of the semiconductor
device of FIG. 5 from which unused portions of the high
permittivity material has been removed;

FIG. 7 is a side cross-sectional view of the semiconductor
device of FIG. 4 in which a high permittivity material is
deposited, partially filling a channel between metal contact
elements;

FIG. 8 is a side cross-sectional view of the semiconductor
device of FIG. 7 in which a metal is deposited over the layer
of high permittivity material;

FIGS. 9A and 9B are a side cross-sectional view and a top
view, respectively, of the semiconductor device of FIG. 8
from which unused portions of the layer of high permittivity
material and the layer of metal have been removed;

FIGS. 10A and 10B are a block diagram and a schematic
diagram, respectively, of the semiconductor device of FIGS.
9A-9B electrically coupled to form a pair of capacitors con-
nected in parallel;

FIG. 11 is a side cross-sectional view of the semiconductor
device of FIGS. 2A and 2B from which a portion of low
permittivity material is removed from a portion of the semi-
conductor device;

FIG. 12A is a side cross-sectional view of the semiconduc-
tor device of FIG. 11 upon which a high permittivity material
has been deposited;

FIGS. 12B and 12C are a side cross-sectional view and a
top view, respectively, of the semiconductor device of FIG.
12A from which unused portions of the high permittivity
material have been removed;

FIG. 13Ais a side cross-sectional view of the semiconduc-
tor device of FIGS. 2A and 2B following removal of a portion
of low permittivity material from a portion of the semicon-
ductor device and deposition of a high permittivity material
partially filling a channel between metal contact elements;

FIG. 13B is a side cross-sectional view of the semiconduc-
tor device of FIG. 13A in which a metal is deposited over the
layer of high permittivity material;

FIGS. 13C and 13D are a side cross-sectional view and a
top view, respectively, of the semiconductor device of FIG.
13B from which unused portions of the layer of high permit-
tivity material and the layer of metal have been removed;

FIG. 14 is a flow chart of a particular illustrative embodi-
ment of a method of forming a capacitor having increased
capacitance in a semiconductor device;

FIG. 15 is a flow chart of another particular illustrative
embodiment of a method of forming a capacitor having
increased capacitance in a semiconductor device; and

FIG. 16 is a data flow diagram of a particular illustrative
embodiment of a manufacturing process to manufacture elec-
tronic devices that include a high-permittivity single-layer
semiconductor capacitor devices.

V. DETAILED DESCRIPTION

FIGS. 1-6 illustrate a particular illustrative embodiment of
a method for forming a capacitor having a higher capacitance
in a semiconductor device. FIG. 1 is a top view diagram of a
particular illustrative embodiment of a mask 100 to be applied
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4

in creating increased density capacitors on a semiconductor
device 110 having metal contact elements 112-118 and 122-
128 and a first insulating material, including a low permittiv-
ity (low K) insulating material 120, deposited on a layer of the
semiconductor device 110. The metal contact elements 112-
118 and 122-128 and the low permittivity insulating material
120 are positioned on a current layer of the semiconductor
device 110 between a substrate layer and a layer of photore-
sist material, as described further with reference to FIGS. 2A
and 2B. The substrate layer may be regarded as a first layer, a
layer being developed may be regarded as a second layer, and
a photoresist layer may be regarded as a third layer.

A first set of the metal contact elements 112-118 includes
contact elements to be used in storage devices. The metal
contact elements 112-118, thus, may be regarded as metal
storage nodes. A second set of the metal contact elements
122-128 includes contact elements to be used in logic
devices. According to a particular illustrative embodiment of
forming increased density capacitors in the semiconductor
device 110, the process is directed to altering the area around
the first set of metal contact elements 112-118 without mak-
ing changes to the area around the second set of metal contact
elements 122-128. To this end, the mask 100 includes two
openings 102 and 104. The openings 102 and 104 in the mask
100 are configured to enable the removal of the low permit-
tivity insulating material 120 between metal contact elements
112 and 114 and between metal contact elements 116 and
118. Specifically, the openings 102 and 104 in the mask 100,
as further described below, enable exposure of a photoresist
layer (not shown in FIG. 1) positioned over the layer of the
semiconductor device 110. Exposing the photoresist material
enables etching away the low permittivity insulating material
120 left exposed by removal of the photoresist layer. As
further described below, the removal of the low permittivity
insulating material 120 enables the low permittivity insulat-
ing material 120 to be replaced by one or more other materials
to create capacitors with higher capacitance in the space from
which the low permittivity insulating material 120 has been
removed.

FIGS. 2A and 2B are a top view and a side cross-sectional
view, respectively, of the semiconductor device 110 of FIG. 1
over which a photoresist material 210 has been selectively
removed using the mask 100 of FIG. 1. The openings 102 and
104 in the mask 100 of FIG. 1 enabled the exposure of the
photoresist material 210, such as by lithography, creating
opened areas 230 and 240 in the photoresist material 210. The
opened area 230 exposes at least portions of the metal contact
elements 112 and 114 and an exposed portion of low permit-
tivity insulating material 220 between the metal contact ele-
ments 112 and 114. The opened area 240 includes at least
portions of the metal contact elements 116 and 118 and an
exposed portion of low permittivity insulating material 222.
As will be described further below, the exposed portions of
low permittivity insulating material 220 and 222 will be
removed by a process, such as etching, to which the metal
contact elements 112-118 are effectively impervious. To
remove the exposed portions of low permittivity insulating
material 220 and 222, portions of the metal contact elements
112-118 thus do not need to be exposed as part of the opened
areas 230 and 240. However, because portions of the metal
contact elements 112-118 may be exposed, the masking pro-
cess may be tolerant enough to permit exposure of portions of
the metal contact elements 112-118, thus allowing for some
imprecision in the masking process. However, it should be
noted that the masking process may be sufficiently precise as
to only allow for portions of the metal contact elements 112-
118 to be exposed so that the photoresist material continues to
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cover the low permittivity insulating material 120 that is not
to be removed as part of a particular embodiment of a process
as presently disclosed.

FIG. 2B is a side cross-sectional view of the semiconductor
device 110 taken along a section 250 of FIG. 2A. The side
cross-sectional view of the semiconductor device 110 shows
the opened arca 240 in the photoresist material 210 over
portions of the metal contact elements 116 and 118 and the
exposed portion of the low permittivity insulating material
222. The opened area 240 in the photoresist material 210
permits the exposed portion of low permittivity insulating
material 222 to be removed, such as by etching, while the
photoresist material 210 continues to cover and protect other
portions of low permittivity insulating material 120 from
being removed. For reference, the first metal contact element
116 and the second metal contact element 118 may be
regarded as formed in a second layer 292 of the semiconduc-
tor device 110 between a first layer 290 with respect to a
surface of a substrate, such as the etch-stop layer 260 or
another layer situated in a same position, and a layer 294 that
includes the photoresist layer 210.

In the side cross-sectional view of the semiconductor
device 110, it should be noted that the previously described
elements, including the metal contact elements 112-118 and
122-128 and the low permittivity insulating material 120 are
part of a layer of the semiconductor device 110 that resides
between the photoresist material 210 and another layer of the
semiconductor device 110. According to a particular illustra-
tive embodiment of a method of the present disclosure, the
layer opposite the photoresist material 210 may include an
etch-stop layer 260 comprised of a material resistant to etch-
ing to prevent etching of the current layer from affecting an
underlying layer 270. Alternatively, as described with refer-
ence to FIG. 11, the etch-stop layer 260 may be omitted.
Either an underlying layer 270 or an etch-stop layer 260 may
represent a substrate on which the metal contact elements
112-118 and 122-128 and the low permittivity insulating
material 120 are deposited.

FIG. 3 is a side cross-sectional view of the semiconductor
device 110 that shows the semiconductor device 110 with the
exposed portion of low permittivity insulating material 222 of
FIGS. 2A-2B removed to form a channel 310. The channel
310 is defined by a first surface 216 of a first metal contact
element, a second surface 218 of a second metal contact
element 118, and a surface 320 of a layer opposite the pho-
toresist layer, such as presented by the etch-stop layer 260.

FIG. 4 is a side cross-sectional view of the semiconductor
device 110 that shows the remainder of the photoresist mate-
rial 210 having been removed after the formation of the chan-
nel 310. Once portions of the semiconductor device 110 have
been etched as desired, such as the channel 310, the photore-
sist material 210 is no longer needed to protect portions of the
semiconductor 110 and, thus, the photoresist material 210 is
no longer necessary.

FIG. 5 is a side cross-sectional view that shows the semi-
conductor device 110 after the deposition of a second insu-
lating material, including a high permittivity (high K) insu-
lating material 510, upon the semiconductor device 110. The
deposition of the high permittivity insulating material 510
fills the channel 310 of FIGS. 3-4 with a section of high
permittivity insulating material 520. Within the channel, the
section of high permittivity insulating material 520 has a layer
thickness 530 equal to, or exceeding, a thickness 540 of the
second layer currently being configured.

FIG. 6 is a side cross-sectional view that shows a resulting
semiconductor device 600 formed according to a particular
illustrative embodiment of a method as presently disclosed.
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The resulting semiconductor device 600 is produced by using
a planarization process to remove the high permittivity insu-
lating material 510 deposited on the semiconductor device
110 except for the section of high permittivity insulating
material 520 that filled the channel 310 of FIGS. 3-4. The
semiconductor device 600 features a capacitor, including the
metal contact element 116, the section of high permittivity
insulating material 520, and the metal contact element 118,
that has a higher capacitance and, thus, a longer retention
time. The higher capacitance device was formed using a
single mask to selectively remove a portion of low permittiv-
ity insulating material enabling the high permittivity insulat-
ing material to be deposited to form the capacitor having the
higher capacitance.

FIGS. 7-9B illustrate steps of another particular illustrative
embodiment of a method presently disclosed for forming a
capacitor having a higher capacitance in a semiconductor
device. The method described has the same initial steps as the
method previously described with regard to FIGS. 1-6. Spe-
cifically, the method of FIGS. 7-9B also begins with selec-
tively removing a portion of low permittivity insulating mate-
rial as described with reference to FIGS. 1-4. Thus, in this
second particular illustrative embodiment of a method, FIG.7
may be regarded as continuing the method after the formation
ofthe channel 310 in the semiconductor device 110 as shown
in FIG. 4.

FIG. 7 is a side cross-sectional view that shows the semi-
conductor device 110 after the deposition of a high permit-
tivity insulating material 710 upon the semiconductor device
110. In contrast to the deposition of the high permittivity
insulating material 510 of FIG. 5, however, the deposition of
the high permittivity insulating material 710 is configured to
deposit a layer of high permittivity material 720 within the
channel 310, rather than fill the channel 310 as in the example
of FIG. 5. In other words, a thickness 730 of the resulting
layer of high permittivity material 720 deposited within the
channel is less than a layer thickness 740 of the second layer
currently being configured.

FIG. 8 is a side cross-sectional view that shows the semi-
conductor device 110 after the deposition of a metal material
810 over the layer of high permittivity material 710. The
deposition of the metal material 810 is configured to deposit
a section of metal 820 to fill the remainder ofthe channel 310.

FIG. 9A is a side cross-sectional view that shows a result-
ing semiconductor device 900 formed according to a particu-
lar illustrative embodiment of a method as presently dis-
closed. The resulting semiconductor device 900 is produced
by using a planarization process to remove the high permit-
tivity insulating material 710 and the metal 810 deposited on
the semiconductor device 110 except for the layer of high
permittivity insulating material 720 and the section of metal
820 that fill the channel 310 of FIGS. 3-4. As will be described
below with reference to FIGS. 10A-10B, the introduction of
the metal 820 in the layer of high permittivity insulating
material 720 provides a pair of capacitors that can be coupled
in parallel to create a capacitor having a high capacitance.

FIG. 9B is a top view that shows the resulting semiconduc-
tor device 900, wherein the side cross-sectional view of FIG.
9A is a view along a section 950. As shown in FIG. 9B, the
previously-formed channel 310 is now filled with metal, so as
to create a metal plate 820, encapsulated in a layer of high
permittivity insulating material 720, between metal contact
elements 116 and 118. Using the same process, multiple
similar constructions may result, such as the metal plate 822
encapsulated in a layer of high permittivity insulating mate-
rial 722, between metal contact elements 112 and 114.
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FIGS. 10A and 10B are a block diagram and a schematic
diagram, respectively, of the semiconductor device of FIGS.
9A-9B electrically coupled to form a pair of capacitors con-
nected in parallel. FIG. 10A is a portion of the side cross-
sectional view of FIG. 9A that shows the metal contact ele-
ments 116 and 118 surrounding the layer of high permittivity
insulating material 720 and the metal plate 820. A first capaci-
tor 1030 includes the metal contact element 116 and the metal
plate 820 surrounding a portion of the layer of high permit-
tivity insulating material 720. A second capacitor 1040
includes the metal plate 820 and the metal contact element
118 surrounding another portion of the layer of high permit-
tivity insulating material 720. By electrically coupling a first
contact 1020 to both the metal contact elements 116 and 118
and electrically coupling a second contact 1010 to the metal
plate 820 couples the first capacitor 1030 and the second
capacitor 1040 in parallel, as represented by the schematic
diagram of FIG. 10B. Coupling capacitors in parallel between
two contacts has the effect of combining the capacitance of
each of the capacitors between the two contacts to form an
enhanced capacitor 1050 where the first contact 1020 is a first
capacitor contact of the enhanced capacitor and where the
second contact 1010 is a second capacitor contact of the
enhanced capacitor. Thus, connecting the capacitors of FIG.
10A as shown adds the capacitance value of the capacitors
1030 and 1040 to yield the capacitance of the enhanced
capacitor 1050. Assuming the capacitance value of the
capacitors 1030 and 1040 are approximately equal, combin-
ing the capacitance value of the capacitors 1030 and 1040
approximately doubles the capacitance value of either of the
capacitors 1030 and 1040 alone.

Thus, the semiconductor device 900 of FIGS. 9A-9B fea-
tures a capacitor, including the metal contact element 116, the
layer of high permittivity insulating material 720, the metal
contact element 118, and the metal plate 820, that has a higher
capacitance and, thus, a longer retention time. The higher
capacitance device was formed using a single mask to selec-
tively remove a portion of low permittivity insulating material
enabling the high permittivity insulating material and the
metal material to be deposited to form the two capacitors that
may be coupled in parallel to form a capacitor having the
higher capacitance.

FIGS. 11-12C illustrate steps of another particular illustra-
tive embodiment of a method presently disclosed for forming
a capacitor having a higher capacitance in a semiconductor
device. The method described has the same initial steps as the
method previously described with regard to FIGS. 1-6. How-
ever, in contrast to the method as illustrated in FIG. 4 in which
all of the exposed section of low permittivity insulating mate-
rial 222 is removed between metal contact elements 116 and
118, as shown in FIG. 11, some of the exposed portion of the
low permittivity insulating material 222 is left in place. Thus,
a layer of low permittivity insulating material 1116 is formed
on a first surface 216 of a first metal contact element 116, and
another layer of a low permittivity insulating material 1118 is
formed on a second surface 218 of a second metal contact
element 118. The layers of low permittivity insulating mate-
rial 1116 and 1118 and a surface 1120 of a layer opposite the
position formerly occupied by the photoresist layer define a
channel 1110.

In contrast to the semiconductor device of FIG. 4, for
example, the semiconductor device 1102 of FIG. 1 does not
include an etch-stop layer 260 as included in FIG. 4. Instead,
the metal contact elements 116 and 118 and the low permit-
tivity insulating material 120 used in the layer being modified
are disposed directly on an adjacent layer 1104 of the semi-
conductor device 1102. The process may be performed with-
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out an etch-stop layer 260 if using dry etching or otherwise
taking care not to remove material that is desired to be left in
place.

FIG. 12A is a side cross-sectional view of a semiconductor
device 1202 on which a high permittivity material 1210 has
been deposited. The high permittivity material 1210 is depos-
ited to fill the channel 1110 of FIG. 11 with a section of high
permittivity insulating material 1220.

FIG. 12B is a side cross-sectional view that shows a result-
ing semiconductor device 1300 formed according to a par-
ticular illustrative embodiment of a method as presently dis-
closed. The resulting semiconductor device 1300 is produced
by using a planarization process to remove the high permit-
tivity insulating material 1210 except for the section of high
permittivity insulating material 1220 that filled the channel
1110. The insertion of the section of high permittivity insu-
lating material 1220 increases the capacitance and, thus, the
retention time of the capacitor formed between the metal
contact elements 116 and 118.

FIG. 12C is a top view that shows the resulting semicon-
ductor device 1300, wherein the side cross-sectional view of
FIG. 12B is a view along a section 1350. As shown in FIG.
12C, the previously-formed channel 1110 of FIG. 11 is now
filled with the section of high permittivity insulating material
1220 between metal contact elements 116 and 118. Using the
same process, multiple similar constructions may result, such
as the section of high permittivity insulating material 1222
between metal contact elements 112 and 114.

FIGS. 13A-13D illustrate a method having initial steps as
in FIGS. 1-6 with performance of the method as in FIG. 4
leaving a first layer of low permittivity insulating material
1116 on a first surface of a first metal contact element 116 and
a second layer of a low permittivity insulating material 1118
on a second surface of a second metal contact element 118.

FIG. 13A is a side cross-sectional view that shows the
semiconductor device 110 after deposition of a high permit-
tivity insulating material 710 upon the semiconductor device
110. In contrast to the deposition of the high permittivity
insulating material 510 of FIG. 5, a thickness 730 of the
resulting layer of high permittivity material 720 deposited
within the channel 310 is less than a layer thickness 740 of the
second layer currently being configured.

FIG. 13B is a side cross-sectional view that shows the
semiconductor device 110 after the deposition of a metal
material 810 over the layer of high permittivity material 710.
The deposition of the metal material 810 is configured to
deposit a section of metal 820 to fill the remainder of the
channel 310.

FIG.13C s a side cross-sectional view that shows a result-
ing semiconductor device 1300 formed according to a par-
ticular illustrative embodiment of a method as presently dis-
closed. The resulting semiconductor device 1300 is produced
by using a planarization process to remove the high permit-
tivity insulating material 710 and the metal 810 deposited on
the semiconductor device 110 except for the layer of high
permittivity insulating material 720 and the section of metal
820 that fill the channel 310. The introduction of the metal
820 in the layer of high permittivity insulating material 720
provides a pair of capacitors that can be coupled in parallel to
create a capacitor having a high capacitance.

FIG. 13D is a top view that shows the resulting semicon-
ductor device 1300, wherein the side cross-sectional view of
FIG. 13C is a view along a section 1350. As shown in FIG.
13D, the previously-formed channel 310 is now filled with
metal, s0 as to create a metal plate 820, encapsulated in a layer
ot high permittivity insulating material 720 between first and
second layers of a low permittivity insulating material 1116
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and 1118 and between metal contact elements 116 and 118.
Using the same process, multiple similar constructions may
result, such as the metal plate 822 encapsulated in a layer of
high permittivity insulating material 722.

FIG. 14 is a flow chart 1400 of a particular illustrative
embodiment of a method of forming a capacitor having
increased capacitance in a semiconductor device. A section of
a first insulating material positioned between a first metal
contact element and a second metal contact element is
removed to form a channel, at 1402. A second insulating
material is deposited in the channel between the first metal
contact element and the second metal contact element, at
1404.

The high permittivity insulating material in the channel
between the first metal contact element 116 and the second
metal contact element 118 forms alayer 520,720, and 1120 in
channels 310 and 1110, respectively, as described with refer-
enceto FIGS. 5,7, and 12A. As previously described, the high
permittivity insulating material has a higher permittivity than
the low permittivity insulating material 120. The low permit-
tivity insulating material is removed by etching a section of
the low permittivity insulating material 222 as described with
reference to FIGS. 2A-2B, 3, and 11. The first metal contact
element 116 and the second metal contact element 118 may
be regarded as formed in a second layer of the semiconductor
device between a first layer 290 with respect to a surface of a
substrate and a photoresist layer 210 as described with refer-
ence to FIGS. 2B, 3 and 4. The first layer 290 may include an
etch-stop layer as described with reference to FIG. 3.

A section of the low permittivity insulating material 222 is
exposed between the first metal contact element 116 and the
second metal contact element 118 as described with reference
to FIGS. 1-3. Exposing the portion of the low permittivity
insulating material between the first metal contact element
116 and the second metal contact element 118 comprises
opening a portion of the photoresist layer 210 extending over
the section of the low permittivity insulating material 222
between the first metal contact element 116 and the second
metal contact element 118 as described with reference to
FIGS. 2A-2B. As also previously described with reference to
FIGS. 2A-2B, additional portions of the photoresist layer 210
may be opened over a section of at least one of the first metal
contact element 116 and the second metal contact element
118.

Exposing the portion of the low permittivity insulating
material 222 includes applying a mask 100 to define the
portion of the photoresist layer 210 to be removed during a
lithography process as described with reference to FIGS. 1-3.
The section of the low permittivity insulating material 222 to
be removed may include substantially all of the low permit-
tivity insulating material 222 between the first metal contact
element 116 and the second metal contact element 118, as
described with reference to FIG. 3. The high permittivity
insulating material may cover the first layer between the first
metal contact element 116 and the second metal contact ele-
ment 118, as described with reference to FIG. 5. The high
permittivity insulating material 520 may have a thickness 530
that is at least equal to a layer thickness 540 of the second
layer 292 as described with reference to FIGS. 2 and 5.
Alternatively, the high permittivity insulating material 520
may have a thickness 730 that is less than a layer thickness
740 of the second layer 292 as described with reference to
FIGS. 2 and 7. A metal 810 may be deposited to form a metal
layer 820 over the layer of high permittivity insulating mate-
rial 710 as described with reference to FIG. 7.

Removing the low permittivity insulating material 222
may leave a layer of the first insulating material 1116 and
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1118 covering the first metal contact element 116 and the
second metal contact element 118, respectively, as described
with reference to FIG. 11. As previously described with ref-
erence to FIG. 1, the first metal contact element 116 may be
regarded as comprising a first metal storage node and the
second metal contact element 118 may be regarded as com-
prising a second metal storage node.

FIG. 15 is a flow chart of another particular illustrative
embodiment of a method of forming a capacitor having
increased capacitance in a semiconductor device. A portion of
aphotoresist layer is opened to expose a first portion of a first
metal contact element, a second portion of a second metal
contact element, and a first insulating material between the
first metal contact element and the second metal contact ele-
ment, at 1502. At least a portion of the first insulating material
positioned between the first metal contact element and the
second metal contact element is etched away to create a
channel between the first metal contact element and the sec-
ond metal contact element, at 1504. A second insulating
material is deposited to form a layer of a second insulating
material on the first metal contact element, on the second
metal contact element, and in the first channel, where the
layer of the second insulating material does not completely
fill the channel, at 1506. A metal is deposited in the first
channel to form a metal plate, at 1508.

A planarization process may be performed to remove
excess material, including excess portions of the high permit-
tivity insulating material 710 and of the metal 810, as
described with reference to FIGS. 7, 8 and 9A. The metal 820
deposited in the first channel forms a metal plate, where the
first metal contact element 116 is separated from the metal
plate 820 by the layer of high permittivity insulating material
720 comprises a first capacitor 1030, and the second metal
contact element 118 separated from the metal plate 820 by the
layer of the high permittivity insulating material 720 com-
prises a second capacitor 1040, as described with reference to
FIGS. 9 and 10A. Electrically coupling the first capacitor
1030 in parallel with the second capacitor 1040 forms an
enhanced capacitor 1050, as described with reference to
FIGS. 10A-10B. Specifically, electrically coupling the first
capacitor 1030 in parallel with the second capacitor 1040
comprises electrically coupling the first metal contact ele-
ment 116 to the second metal contact element 118 to form a
first contact 1020 of the enhanced capacitor 1050, and the
metal plate 820 comprises a second contact 1010 of the
enhanced capacitor 1050, as described with reference to FIG.
10A.

The foregoing disclosed devices and functionality may be
designed and configured into computer files (e.g. RTL,
GDSII, GERBER, etc.) stored on computer readable media.
Some or all such files may be provided to fabrication handlers
who fabricate devices based on such files. Resulting products
include semiconductor wafers that are then cut into semicon-
ductor die and packaged into a semiconductor chip. The chips
are then employed in devices described above. FIG. 16
depicts a particular illustrative embodiment of an electronic
device manufacturing process 1600.

Physical device information 1602 is received in the manu-
facturing process 1600, such as at a research computer 1606.
The physical device information 1602 may include design
information representing at least one physical property of a
semiconductor device, such as the higher capacitance device
formed in accordance with FIGS. 1-6, the capacitor having a
higher capacitance formed in accordance with FIGS. 7-9B,
the capacitor structure depicted in FIGS. 10A-B, the capaci-
tors having a higher capacitance formed in accordance with
FIGS. 11-13D, a capacitor formed according to the method of
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FIG. 14 or the method of FIG. 15, or any combination thereof.
For example, the physical device information 1602 may
include physical parameters, material characteristics, and
structure information that is entered via a user interface 1604
coupled to the research computer 1606. The research com-
puter 1606 includes a processor 1608, such as one or more
processing cores, coupled to a computer readable medium
such as a memory 1610. The memory 1610 may store com-
puter readable instructions that are executable to cause the
processor 1608 to transform the physical device information
1602 to comply with a file format and to generate a library file
1612.

In aparticular embodiment, the library file 1612 includes at
least one data file including the transformed design informa-
tion. For example, the library file 1612 may include a library
of semiconductor devices including a high-permittivity
single-layer semiconductor capacitor device, such as a device
formed in accordance with FIGS. 1-6, FIGS. 7-9B, FIGS.
10A-B, FIGS. 11-13D, the method of FIG. 14, the method of
FIG. 15, or any combination thereof, that is provided for use
with an electronic design automation (EDA) tool 1620.

The library file 1612 may be used in conjunction with the
EDA tool 1620 at a design computer 1614 including a pro-
cessor 1616, such as one or more processing cores, coupled to
a memory 1618. The EDA tool 1620 may be stored as pro-
cessor executable instructions at the memory 1618 to enable
auser of the design computer 1614 to design a circuit includ-
ing a high-permittivity single-layer semiconductor capacitor
device, such as a device formed in accordance with FIGS. 1-6,
FIGS. 7-9B, FIGS. 10A-B, FIGS. 11-13D, the method of
FIG. 14, the method of FIG. 15, or any combination thereof,
of the library file 1612. For example, a user of the design
computer 1614 may enter circuit design information 1622 via
a user interface 1624 coupled to the design computer 1614.
The circuit design information 1622 may include design
information representing at least one physical property of a
semiconductor device, such as a device formed in accordance
with FIGS. 1-6, FIGS. 7-9B, FIGS. 10A-B, FIGS. 11-13D,
the method of FIG. 14, the method of FIG. 15, or any com-
bination thereof. To illustrate, the circuit design property may
include identification of particular circuits and relationships
to other elements in a circuit design, positioning information,
feature size information, interconnection information, or
other information representing a physical property of a semi-
conductor device.

The design computer 1614 may be configured to transform
the design information, including the circuit design informa-
tion 1622 to comply with a file format. To illustrate, the file
formation may include a database binary file format repre-
senting planar geometric shapes, text labels, and other infor-
mation about a circuit layout in a hierarchical format, such as
a Graphic Data System (GDSII) file format. The design com-
puter 1614 may be configured to generate a data file including
the transformed design information, such as a GDSII file
1626 that includes information describing a high-permittivity
single-layer semiconductor capacitor device, such as a device
formed in accordance with FIGS. 1-6, FIGS. 7-9B, FIGS.
10A-B, FIGS. 11-13D, the method of FIG. 14, the method of
FIG. 15, or any combination thereof, in addition to other
circuits or information. To illustrate, the data file may include
information corresponding to a system-on-chip (SOC) that
includes the capacitor depicted in FIG. 6 and that also
includes additional electronic circuits and components within
the SOC.

The GDSII file 1626 may be received at a fabrication
process 1628 to manufacture the capacitor device depicted in
FIGS.1-6, FIGS. 7-9B, FIGS. 10A-B, FIGS. 11-13D, such as
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by incorporating the method of FIG. 14, the method of FIG.
15, or any combination thereof, according to transformed
information in the GDSII file 1626. For example, a device
manufacture process may include providing the GDSII file
1626 to a mask manufacturer 1630 to create one or more
masks, such as masks to be used for photolithography pro-
cessing, illustrated as a representative mask 1632. The mask
1632 may be used during the fabrication process to generate
one or more wafers 1634, which may be tested and separated
into dies, such as a representative die 1636. The die 1636
includes a circuit including the capacitor device depicted in
FIGS.1-6, FIGS. 7-9B, FIGS. 10A-B, FIGS. 11-13D, such as
incorporating the method of FIG. 14, the method of FIG. 15,
or any combination thereof.

The die 1636 may be provided to a packaging process 1638
where the die 1636 is incorporated into a representative pack-
age 1640. For example, the package 1640 may include the
single die 1636 or multiple dies, such as a system-in-package
(SiP) arrangement. The package 1640 may be configured to
conform to one or more standards or specifications, such as
Joint Electron Device Engineering Council (JEDEC) stan-
dards.

Information regarding the package 1640 may be distrib-
uted to various product designers, such as via a component
library stored at a computer 1646. The computer 1646 may
include a processor 1648, such as one or more processing
cores, coupled to a memory 1650. A printed circuit board
(PCB) tool may be stored as processor executable instructions
at the memory 1650 to process PCB design information 1642
received from a user of the computer 1646 via a user interface
1644. The PCB design information 1642 may include physi-
cal positioning information of a packaged semiconductor
device on a circuit board, the packaged semiconductor device
corresponding to the package 1640 including the capacitor
device depicted in FIGS. 1-6, FIGS. 7-9B, FIGS. 10A-B,
FIGS. 11-13D, or formed in accordance with the method of
FIG. 14, the method of FIG. 15, or any combination thereof.

The computer 1646 may be configured to transform the
PCB design information 1642 to generate a data file, such as
a GERBER file 1652 with data that includes physical posi-
tioning information of a packaged semiconductor device on a
circuit board, as well as layout of electrical connections such
as traces and vias, where the packaged semiconductor device
corresponds to the package 1640 including the capacitor
device depicted in FIGS. 1-6, FIGS. 7-9B, FIGS. 10A-B,
FIGS. 11-13D, or formed in accordance with the method of
FIG. 14, the method of FIG. 15, or any combination thereof.
In other embodiments, the data file generated by the trans-
formed PCB design information may have a format other than
a GERBER format.

The GERBER file 1652 may be received at a board assem-
bly process 1654 and used to create PCBs, such as a repre-
sentative PCB 1656, manufactured in accordance with the
design information stored within the GERBER file 1652. For
example, the GERBER file 1652 may be uploaded to one or
more machines for performing various steps of a PCB pro-
duction process. The PCB 1656 may be populated with elec-
tronic components including the package 1640 to form a
represented printed circuit assembly (PCA) 1658.

The PCA 1658 may be received at a product manufacture
process 1660 and integrated into one or more electronic
devices, such as a first representative electronic device 1662
and a second representative electronic device 1664. As an
illustrative, non-limiting example, the first representative
electronic device 1662, the second representative electronic
device 1664, or both, may be selected from the group of a set
top box, a music player, a video player, an entertainment unit,
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a navigation device, a communications device, a personal
digital assistant (PDA), a fixed location data unit, and a com-
puter. As another illustrative, non-limiting example, one or
more of the electronic devices 1662 and 1664 may be remote
units such as mobile phones, hand-held personal communi-
cation systems (PCS) units, portable data units such as per-
sonal data assistants, global positioning system (GPS)
enabled devices, navigation devices, fixed location data units
such as meter reading equipment, or any other device that
stores or retrieves data or computer instructions, or any com-
bination thereof. Although FIG. 16 may illustrate remote
units according to the teachings of the disclosure, the disclo-
sure is not limited to these exemplary illustrated units.
Embodiments of the disclosure may be suitably employed in
any device which includes active integrated circuitry includ-
ing memory and on-chip circuitry for test and characteriza-
tion.

Thus, the capacitor device depicted in FIGS. 1-6, FIGS.
7-9B, FIGS. 10A-B, FIGS. 11-13D, such as incorporating the
method of FIG. 14, the method of FIG. 15, or any combina-
tion thereof, may be fabricated, processed, and incorporated
into an electronic device, as described in the illustrative pro-
cess 1600. One or more aspects of the embodiments disclosed
with respect to FIGS. 1-15 may be included at various pro-
cessing stages, such as within the library file 1612, the GDSII
file 1626, and the GERBER file 1652, as well as stored at the
memory 1610 of the research computer 1606, the memory
1618 of the design computer 1614, the memory 1650 of the
computer 1646, the memory of one or more other computers
or processors (not shown) used at the various stages, such as
at the board assembly process 1654, incorporated into one or
more other physical embodiments such as the mask 1632, the
die 1636, the package 1640, the PCA 1658, other products
such as prototype circuits or devices (not shown), or any
combination thereof. Although various representative stages
of'production from a physical device design to a final product
are depicted, in other embodiments fewer stages may be used
or additional stages may be included. Similarly, the process
1600 may be performed by a single entity, or by one or more
entities performing various stages of the process 1600.

The previous description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use
the disclosed embodiments. Various modifications to these
embodiments will be readily apparent to those skilled in the
art, and the principles defined herein may be applied to other
embodiments without departing from the scope of the disclo-
sure. Thus, the present disclosure is not intended to be limited
to the embodiments shown herein but is to be accorded the
widest scope possible consistent with the principles and novel
features as defined by the following claims.

What is claimed is:

1. A method of forming a capacitor, the method compris-
ing:

removing a section of a first insulating material positioned

between a first metal contact element and a second metal
contact element to form a channel, wherein removing
the section of the first insulating material leaves a layer
of'the first insulating material in the channel covering the
first metal contact element and the second metal contact
element; and

depositing a second insulating material to form a layer of

the second insulating material in the channel,

wherein the first metal contact element and the second

insulating material are separated by the layer of the first
insulating material, wherein the second metal contact
element and the second insulating material are separated
by the layer of the first insulating material, and wherein
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the second insulating material has a second permittivity
value thatis different than a first permittivity value of the
first insulating material.

2. The method of claim 1, wherein removing the section of
the first insulating material comprises etching the first insu-
lating material.

3. The method of claim 1, wherein the first metal contact
element and the second metal contact element are formed in
a second layer of a semiconductor device between a first layer
with respect to a surface of a substrate and a photoresist layer.

4. The method of claim 3, further comprising exposing an
area of the first insulating material between the first metal
contact element and the second metal contact element.

5. The method of claim 4, wherein exposing the area
between the first metal contact element and the second metal
contact element comprises opening a portion of the photore-
sist layer extending over the section of the first insulating
material between the first metal contact element and the sec-
ond metal contact element.

6. The method of claim 4, wherein exposing the area of the
first insulating material includes applying a mask to define a
portion of the photoresist layer to be removed during a lithog-
raphy process.

7. The method of claim 5, further comprising opening an
additional portion of the photoresist layer over a portion of at
least one of the first metal contact element and the second
metal contact element.

8. The method of claim 1, wherein the first metal contact
element comprises a first metal storage node and the second
metal contact element comprises a second metal storage
node.

9. The method of claim 1, further comprising performing a
planarization process to remove excess material extending
outside the channel.

10. The method of claim 1, wherein the second permittivity
value of the second insulating material is greater than the first
permittivity value of the first insulating material.

11. A method of forming a capacitor, the method compris-
ing:

etching away a portion of a first insulating material posi-

tioned between a first metal contact element and a sec-
ond metal contact element to create a channel in the first
insulating material, wherein, after the portion of the first
insulating material is etched away, a first portion of the
first insulating material remains in the channel on a first
surface of the first metal contact element and a second
portion of the first insulating material remains in the
channel on a second surface of the second metal contact
element; and

depositing a second insulating material in the channel

between the first portion of the first insulating material
and the second portion of the first insulating material to
form a layer of the second insulating material in the
channel,

wherein the first metal contact element and the second

insulating material are separated by the layer of the first
insulating material, wherein the second metal contact
element and the second insulating material are separated
by the layer of the first insulating material, and wherein
the second insulating material has a second permittivity
value thatis different than a first permittivity value of the
first insulating material.

12. The method of claim 11, further comprising perform-
ing a planarization process to remove excess material extend-
ing outside the channel, wherein the excess material com-
prises at least the second insulating material.
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13. The method of claim 11, wherein the second permit-
tivity value of the second insulating material is greater than
the first permittivity value of the first insulating material.

14. The method of claim 11, wherein the second insulating
material has a thickness that is at least equal to a thickness of
a second layer.

15. A method of forming a capacitor, the method compris-
ing:

aremoving step for removing a section of a first insulating

material positioned between a first metal contact ele-
ment and a second metal contact element to form a
channel, wherein removing the section of the first insu-
lating material leaves a layer of the first insulating mate-
rial in the channel covering the first metal contact ele-
ment and the second metal contact element; and

a depositing step for depositing a second insulating mate-

rial in the channel to form a layer of the second insulat-
ing material in the channel,

wherein the first metal contact element and the second

insulating material are separated by the layer of the first
insulating material, wherein the second metal contact
element and the second insulating material are separated
by the layer of the first insulating material, and wherein
the second insulating material has a second permittivity
value that is different than a first permittivity value of the
first insulating material.

16. The method of claim 15, further comprising perform-
ing a planarization process to remove excess material extend-
ing outside the channel.

17. A method of manufacturing a semiconductor device,
the method comprising:

receiving, at one or more processors, design information

representing at least one physical property of the semi-

conductor device, the semiconductor device prepared by

a process comprising:

removing a section of a first insulating material posi-
tioned between a first metal contact element and a
second metal contact element to form a channel,
wherein removing the section of the first insulating
material leaves a layer of the first insulating material
in the channel covering the first metal contact element
and the second metal contact element; and

depositing a second insulating material in the channel to
form a layer of the second insulating material in the
channel,

wherein the first metal contact element and the second
insulating material are separated by the layer of the
first insulating material, wherein the second metal
contact element and the second insulating material are
separated by the layer of the first insulating material,
and wherein the second insulating material has a sec-
ond permittivity value that is different than a first
permittivity value of the first insulating material;

transforming, at the one or more processors, the design

information to comply with a file format;

generating, at the one or more processors, a data file includ-

ing the transformed design information; and
manufacturing the semiconductor device according to the
transformed design information from the data file.

18. The method of claim 17, wherein the data file is
included in a library of semiconductor devices.

19. The method of claim 18, further comprising providing
the library of semiconductor devices for use with an elec-
tronic design automation tool.

20. The method of claim 17, wherein the file format
includes a GDSII format.
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21. A method comprising:
receiving a data file including design information corre-
sponding to a semiconductor device; and
fabricating the semiconductor device according to the
design information, wherein the semiconductor device
is prepared by a process comprising:
removing a section of a first insulating material posi-
tioned between a first metal contact element and a
second metal contact element to form a channel,
wherein removing the section of the first insulating
material leaves a layer of the first insulating material
in the channel covering the first metal contact element
and the second metal contact element; and
depositing a second insulating material in the channel to
form a layer of the second insulating material in the
channel,
wherein the first metal contact element and the second
insulating material are separated by the layer of the
first insulating material, wherein the second metal
contact element and the second insulating material are
separated by the layer of the first insulating material,
and wherein the second insulating material has a sec-
ond permittivity value that is different than a first
permittivity value of the first insulating material.
22. The method of claim 21, wherein the data file includes
a GPSII format.
23. A method of manufacturing a packaged semiconductor
device, the method comprising:
receiving, at one or more processors, design information
including physical positioning information of the pack-
aged semiconductor device on a circuit board, the pack-
aged semiconductor device including a semiconductor
structure prepared by a process comprising:
removing a section of a first insulating material posi-
tioned between a first metal contact element and a
second metal contact element to form a channel,
wherein removing the section of the first insulating
material leaves a layer of the first insulating material
in the channel covering the first metal contact element
and the second metal contact element; and
depositing a second insulating material in the channel to
form a layer of the second insulating material in the
channel,
wherein the first metal contact element and the second
insulating material are separated by the layer of the
first insulating material, wherein the second metal
contact element and the second insulating material are
separated by the layer of the first insulating material,
and wherein the second insulating material has a sec-
ond permittivity value that is different than a first
permittivity value of the first insulating material;
transforming, at the one or more processors, the design
information to generate a data file; and
manufacturing the packaged semiconductor device
according to the transformed design information from
the data file.
24. The method of claim 23, wherein the data file has a
GERBER format.
25. A method comprising:
receiving a data file including design information includ-
ing physical positioning information of a packaged
semiconductor device on a circuit board; and
manufacturing the circuit board according to the design
information, wherein the packaged semiconductor
device includes a semiconductor capacitor structure pre-
pared by a process comprising:
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removing a section of a first insulating material posi-
tioned between a first metal contact element and a
second metal contact element to form a channel,
wherein removing the section of the first insulating
material leaves a layer of the first insulating material
in the channel covering the first metal contact element
and the second metal contact element; and

depositing a second insulating material in the channel to
form a layer of the second insulating material in the
channel,

wherein the first metal contact element and the second
insulating material are separated by the layer of the
first insulating material, wherein the second metal
contact element and the second insulating material are
separated by the layer of the first insulating material,
and wherein the second insulating material has a sec-
ond permittivity value that is different than a first
permittivity value of the first insulating material.

26. The method of claim 25, wherein the data file has a
GERBER format.

27. The method of claim 25, further comprising integrating
the circuit board into a device selected from a set top box, a
music player, a video player, an entertainment unit, a naviga-
tion device, a communications device, a personal digital
assistant (PDA), a fixed location data unit, and a computer.

28. A method of forming a capacitor, the method compris-
ing:

removing a section of a first insulating material positioned

between a first metal contact element and a second metal
contact element to form a channel, wherein removing
the section of the first insulating material leaves a layer
of'the first insulating material in the channel covering the
first metal contact element and the second metal contact
element; and

depositing a second insulating material to form a layer of

the second insulating material in the channel,

wherein the second insulating material has a second per-

mittivity value that is different than a first permittivity
value of the first insulating material.

29. The method of claim 28, further comprising depositing
a metal over the layer of the second insulating material to
form a metal plate, wherein the first metal contact element
and the metal plate are separated by the layer of the second
insulating material to form a first capacitor, and wherein the
second metal contact element and the metal plate are sepa-
rated by the layer of the second insulating material to form a
second capacitor.

30. The method of claim 29, further comprising electrically
coupling a third metal contact element to the first metal con-
tact element and to the second metal contact element, and
electrically coupling a fourth metal contact element to the
metal plate.

31. The method of claim 28, wherein removing the section
of the first insulating material comprises etching the first
insulating material.

32. The method of claim 28, further comprising exposing
an area of the first insulating material between the first metal
contact element and the second metal contact element.

33. The method of claim 32, wherein exposing the area
between the first metal contact element and the second metal
contact element comprises removing a first portion of a pho-
toresist layer extending over the section of the first insulating
material between the first metal contact element and the sec-
ond metal contact element.

34. The method of claim 32, further comprising applying a
mask over a photoresist layer before exposing the area of the
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first insulating material, the mask defining a portion of the
photoresist layer to be removed during a lithography process.

35. The method of claim 33, further comprising removing,
with the first portion, an additional portion of the photoresist
layer, the additional portion located over a portion of at least
one of the first metal contact element and the second metal
contact element.

36. The method of claim 28, wherein the second insulating
material covers the layer of the first insulating material in the
channel between the first metal contact element and the sec-
ond metal contact element.

37. The method of claim 28, further comprising:

forming a first layer on a substrate of a semiconductor

device; and

forming the first metal contact element and the second

metal contact element,

wherein the first metal contact element and the second

metal contact element are in a second layer of the semi-
conductor device between the first layer and a photore-
sist layer.

38. The method of claim 37, wherein the second insulating
material has a thickness that is equal to or greater than a
thickness of the second layer.

39. A method of forming a capacitor, the method compris-
ing:

etching away a portion of a first insulating material posi-

tioned between a first metal contact element and a sec-
ond metal contact element to create a channel in the first
insulating material, wherein, after the portion of the first
insulating material is etched away, a first portion of the
first insulating material remains in the channel on a first
surface of the first metal contact element and a second
portion of the first insulating material remains in the
channel on a second surface of the second metal contact
element; and

depositing a second insulating material in the channel

between the first portion of the first insulating material
and the second portion of the first insulating material to
form a layer of the second insulating material in the
channel,

wherein the second insulating material has a second per-

mittivity value that is different than a first permittivity
value of the first insulating material.

40. The method of claim 39, further comprising perform-
ing a planarization process to remove excess material extend-
ing outside the channel.

41. The method of claim 39, wherein the second insulating
material covers the layer between the first metal contact ele-
ment and the second metal contact element.

42. The method of claim 39, further comprising depositing
a metal over the layer of the second insulating material to
form a metal plate, wherein the first metal contact element
and the metal plate are separated by the layer of the second
insulating material to form a first capacitor, and wherein the
second metal contact element and the metal plate are sepa-
rated by the layer of the second insulating material to form a
second capacitor.

43. The method of claim 42, further comprising electrically
connecting a third metal contact element to the first metal
contact element and to the second metal contact element, and
electrically connecting a fourth metal contact element to the
metal plate.

44. The method of claim 39, further comprising integrating
the first metal contact element and the second metal contact
element into a storage device.
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45. The method of claim 39, further comprising exposing
an area of the first insulating material between the first metal
contact element and the second metal contact element.
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